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A NEW IM7RIVEC STANGARD FOR ELECTRIN PRCUBE DETERMINATION OF ORGENIC SULFUR

iN FOUSSIL FUELS

L. A. Harris, R. Raymond, Jr., and R. Gooley

Electron probe microanalysis (EPM) has important advantages over
conventional methods of analysis for organic sulfur in coal: analysis by
EPM is done directly, avoiding problems associated with calculating organic
sulifur content by difference; organic sulfur contents of individual

m:cerals can be measured in situ in a sample. A major problenm with this
tehnigue hes been finding a suitable sulfur stardard. We have recently
prapared a petroleum cobe and have found it to be a suitable standard.
B¢ skaround

Matrix cffecls caused by major differences in compositicn, structure,
ar.. Gensity betwaen organic and inorganic compounds make inorganic minerals

1 reported on EPM

(e.g., pyrite) undesirable as standards. Sutherland
studies of organic sulfur in coal using jpyrite (FeSZ) as a sulfur s'andard.
theyused a conmon data reduction algorithm for matrix (ZAF) corrections,
then multiplied by a ‘;itional factor to correct for differences in
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obser.ed x-rey interisities caused ty extrera differences in composition
between Lhe standard and sanples. Initial standardization to deriv2 the
correction factor for the particular instrument and conditions used was
time consuming, but once achieved, Su'herland suggested analytical time for
analysis of organic sulfur could be less than onm hour.

Raymond and Goo'ley2 reported on organic sulfur contents of various
maceral types in coals, determined by EPM using small (75-200u m dia.),
suliur-bearing carbon beads as a standard. The beads were origivally
orijered at The Los Alamos Scientific Ldsboratory for use in nuclear fuel
ce]ls.. They contain 4.1 wt.% sulfur, are stable under electron
bo.iburd. ent, and eliminate the undesirable matrix effects common to
inorganic minerals. The beads wore useful in studies involving reiative
organic sulfur contents of various maceral types, but <€light chemical
inhourogencities between beads made deve pment of a better standard
desirubie.

organic sulfur conients of coals are typically less than 2 wt.%, and
rarely above 4 wi.%. Therefore, an ideal organic sulfur stanagers for EPM
would be a hydrocarbon that contains about 4 wt.% sulfur. We oxamined a
polysul fone resin (C27H?250d. 9,28 wt.% §) for its pctential as a sulfur
standard. Though chemically homogeneous, it is sensitive to electron
boabardment, as are most organic conpounds, and visibly degredes uader the
electron beam.  Aveiding this degradation requires constant sample movement
during standardizatron.  We thercefure continued our search for o better
sul fur standard.
fetroleun Coke: A Good Standerd

Potroleum cohe, derived from thermal treetment of petroleum pitch, is
chemicatly homovenvous and quite stabie during electron bombardment.

Petrolewm pitch is a thick bituminous swostance produ ed by destructive



distillation of petroleum. Petroleum coke is produced by thermai
decomposition of the pitch. Chemical analyses of the picch before coking
gave 92 wt.% carbon, 3.9 wt.% sulfur, 2 wt.% hydrogen, and 0.009 wt.X% ash.
Petroleum pitch typically contains less than 1% mineral matter.

We converted the petroleum pitch into coke in a batch autoclave by
heating it to 300°C for a few hours, raising the temperature to 375°C for
five hours, and finally heating at 500°C for 24 hours. Loss of vulatile
constituents was minimized by constant refluxing during the coking process.
Chemical compositions of cokes produced by this process vary little from
those of the starting pitches. This process essentially duplicates that of
a delayed coking oven.

We prepared a polished section of the product coke; a photomicrogroph
is shown in Figure 1. Note the lamrllar structure of the ccke (anisotropic
in polarized light) and the large void which is partially filled with a
"second phase." The "second phase" is a plastic material that solidified
after the coke formed. Its composition is similar to the coke, but the
sulfur content may be as much as 1.5 wt.% higher.

fo remove the "second phase" we crushed the coke and boiled it
overnight in quinoline. The product was then w.shed thoroughly In alconol
and air dried. The above is a standard method for rcmoving unreacted
phases from cokes and does not affect th» sultur in the remaining single
phase¢ coke. Analyses made on a Leco sulfur analyzer showed the single
pkhase coke to contain 3.5%6 & 0.04 wt.% sul fur.

Using the petroleum coke as its own standard we analyzed 100 random
arcas of the sample as a homogeneity check, ignoring the lamellar structure

of the coke. Using a t-statistics approach, w: determined that seven



standardization repeats ensure a standardization value of 3.56: 0.10 wt.%
at the 95% confidence level.
Discussion

In this paper we report on petroleum coke that 1is stable under an
electron beam and contains a uniform sulfur content, hence it is a suitable
standard for analysis of organic sulfur conteni nf coal. It should be as
applicable for analysis of organic sulfur in other fossil fuels.

This standard 1s available for distribution and may be attained by
contacting any of the authors.
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Fig. 1. Polarized, reflected light microphotograph of the product coke.
Note the lamellar structure of the coke, the large pore, and the second

phase material partially filling the pore.




